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Introduction
Nonalcoholic fatty liver disease (NAFLD) was characterized as a cause of potentially progressive liver damage, and was associated with metabolic disease. A severe form with features of fibrosis was defined as non-alcoholic steatohepatitis (NASH). NASH has been recognized recently to increase metabolic disease and is affected by multifactorial factors, insulin resistance, excess intracellular fatty acids, and mitochondrial dysfunction [1] . In addition, many other physiological factors can modulate hepatic triglyceride storage, including exercise and dietary composition [2] . It is important that a healthy life in future will reduce these risk factors.
Diet and physical exercise have been used as non-pharmaceutical treatments of NASH [3] . However, to date, no widely accepted therapeutic modalities have been established. Previous studies have shown that muscle insulin resistance affects hepatic lipogenesis and muscle triglyceride (TG) is also considered a major risk factor for insulin resistance [2] . Skeletal muscle insulin resistance increased net hepatic TG synthesis in NAFLD [4] , and the severity of NASH is associated with substitution of intramuscular lipid (IMCL) content [5] . In addition to these, it has been reported that a difference of IMCL content among physiological status accounted for differences in lipid droplet density and the IMCL content varies according to the muscle fiber type [6] . However, the muscle fiber type-specific IMCL in NASH has not been reported so far.
Muscle mitochondrial content is a major indicator to detect the effect of aerobic capacity [7] . Muscle IMCL and glycogen are important fuel for ATP synthesis [8] - [10] . The reduced muscle mitochondrial content indirectly caused hepatic TG accumulation in the rat [11] . These results suggested that muscle aerobic exercise improved the hepatic fatty acid metabolism. However, the effects of exercise on muscle mitochondria, lipid and glycogen content in NASH are not well understood. A methionine-choline-deficient high-fat diet (MCD) induced histological changes similar to those of human NASH in a murine model [12] .
IMCL of soleus muscle is reportedly higher than that of the other skeletal muscles [2] [13] , and IMCL of type I is higher than type II fiber types [8] , while soleus muscle is mainly composed of type I fibers [14] . The objective of this study was to examine the effect of exercise training on glycogen and IMCL content of soleus muscle in NASH model rats. In this report, we examined muscle fiber-type selective mitochondria and lipid and glycogen content with exercise in soleus muscle.
Materials and Methods

Animals
This study was carried out in strict accordance with the Japanese Government Animal Protection and Management Law. The protocol was approved by the Animal Research Committee of Gifu Women's University (Permit Number: 090615). All surgery was performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering. Male Sprague-Dawley rats 8 weeks of age and weighing 317 ± 13 g were obtained from Charles River Japan Inc. (Tokyo, Japan). We used male rats to avoid the influence of estrogen on skeletal muscle activities.
Experimental Protocol
Rats were housed in standard cages for 6 weeks and fed with a MCD diet of 20 g per day (Oriental Yeast Co., Ltd., Tokyo, Japan) and with tap water ad libitum. They were randomly separated into 3 groups: control group (n = 4) was fed standard chow; NASH group (n = 4) was fed a MCD diet; and NASH-exercise group (n = 4) was fed a MCD diet and exercised for 15 min three times a week.
Exercise training consisted of continuous running on a motor-driven rodent treadmill for 6 weeks, and rats were made to run at a 13 m/min, 6˚ slope [15] . All rats were monitored for body weight and food intake. They were killed by an intraperitoneal injection of sodium pentobarbital (50 mg/kg). Blood was collected via the inferior vena cava, and livers were flushed with phosphate buffer saline and removed.
Histochemical Analyses in the Muscle
The soleus muscle was excised and rapidly frozen in a slurry of isopentane cooled with liquid nitrogen and stored at −80˚C until staining. Before staining, the muscle was divided into 10 μm sections at −20˚C. Serial sections in the mid-belly of the muscles were prepared for histochemical procedures, myosin ATPase [16] , succi-nate dehydrogenase (SDH, [17] ), alpha-amylase-periodic acid schiff (PAS, [14] ) and IMCL (OR; oil red O staining, [18] [19] . The evaluation of the histochemical profile of each fiber was estimated by optical density based on a computer system [14] . In brief, two criteria, complete transmission without a slide glass (130 ± 0.5) and with one (120 ± 0.5), were used to adjust to constant light absorbance (0 = complete absorbance, 250 = complete transmission). One region on a cross-sectional area was captured on a computer screen and the optical density of each fiber was analyzed by a trace of the membrane surface. Finally, the mean values of type I and IIa fibers in a rat were determined from six different regions.
Histochemical Analyses in the Liver
As for liver dissections, sections from the median lobe were placed in a 10% formalin solution for histopathological analysis, while the other samples were immediately frozen and stored at −80˚C until use. Paraffin-embedded tissues were sectioned at a 4-μm thickness and stained with Azan-Mallory.
Biochemical Analyses
Total lipids were extracted with chloroform-methanol (2:1) from 100 mg of liver tissue according to the previously described method [20] . The extracted lipids were resuspended in t-butyl-alcohol-methanol-TritonX-100 (2:1:1) and submitted for measurement using a commercial enzyme assay kit (Wako Pure Chemical Industries, Osaka, Japan). Serum alanine aminotransferase (ALT) and TG were assayed using a commercial enzyme assay kit (Wako Pure Chemical Industries, Osaka, Japan).
Statistical Analysis
Results were expressed as the mean ± SEM. Student's t-test was used for a two-group statistical comparison, with statistical significance set at a value of p < 0.05.
Results
Effect of Exercise on Histological Status and Liver Injuries
Representative histological liver sections were shown in Figure 1 . In the NASH group, the liver sections revealed that hepatocytes contained macrovesicles of fat and fibrosis (Figure 1(B) ) compared with the control group (Figure 1(A) ). Exercise promoted significant improvements in fibrosis and cirrhosis (Figure 1(C) ).
NASH group and NASH-exercise group were significantly higher than control group for liver TG content and serum ALT level (p < 0.01) (Figure 2) . However, the NASH-exercise group was significantly lower than the NASH group for liver TG content and serum ALT level (p < 0.05) (Figure 2). 
Effect of Exercise on Intramuscular Lipid and Glycogen Content of Soleus Muscle Equations
Soleus muscle fibers were mainly classified as slow type I or fast type IIa (Figure 3(A 
)). Figures 3(B)-(D)
showed stained-profiles of muscle fibers subjected to PAS, SDH and OR procedures, respectively. The number of analyzed type I and type IIa were 89.6 ± 5.2 and 65.0 ± 6.8 in the control group, 95.0 ± 13.2 and 67.0 ± 6.8 in the NASH group, and 92.0 ± 8.6 and 68.0 ± 3.2 in the NASH-exercise group, respectively.
From the results of the optical density of SDH staining, SDH activity of the NASH group was lower than that of the control group (p < 0.05) (Figure 4 SDH) . However, comparison between NASH groups revealed that the NASH-exercise group significantly increased in type I (p < 0.05) and slightly more in type IIa than those of the NASH group (Figure 4 SDH) . On the other hand, from the results of optical density of OR for intramyocellular TG and PAS staining for glycogen content, TG and glycogen content in the NASH-exercise group tended to be lower than those in the NASH group in type IIa fibers (p < 0.05) (Figure 4 OR and Figure 4 PAS). As for glycogen content, a significant decrease was found in NASH-exercise group compared with the control group in both types (p < 0.05). 
Discussion
NASH is defined histologically when a combination of macrovesicular steatosis, hepatocyte injury, inflammation, and fibrosis are observed in the absence of a chronic abuse of alcohol [1] [21] . The MCD diet-induced rats used in the present study possessed similar features of NASH with pathosis of liver. Judging from mitochondrial activity, the exercise used here clearly stimulates a skeletal muscle. The decrease in the serum ALT level, lipid in liver and skeletal muscle was considered a benefit of exercise. These data suggest that exercise has a potential for improvement of the lipid metabolism for liver and skeletal muscle in NASH model rats.
Skeletal muscle insulin resistance has been implicated in the pathogenesis of nonalcoholic fatty liver disease, and exercise was shown to improve the muscle insulin response [4] . We found that mitochondrial oxidation in aerobic type I muscle fibers was increased by exercise, and type II muscle fibers also showed a tendency to increase. Oxidative capacity which is based on mitochondria content is usually increased by exercise [7] [22] and endurance training leads to an enhancement of the oxidative capacity in all muscle fiber types [23] . In this regard, it was shown that exercise used here improved the metabolic syndrome in NASH model rats.
Muscle IMCL and glycogen in both NASH and NASH-exercise groups tended to be lower than those of control group, except OR of type II in NASH. It has been reported that muscle IMCL was increased by exercise [24] [25], whereas muscle IMCL was decreased by exercise [26] . These reports suggested that the effect of IMCL in exercise may be different according to exercise intensity and physiological status. The present results of NASH suggested that IMCL is easier to recruit than carbohydrate by exercise of low intensity. Inversely, muscle glycogen content in NASH-exercise group was significantly lower than in the NASH group. In general, glycogen content of muscle fiber types was indicated to be significantly increased by exercise [9] [10] [14] . This is because the intensity of exercise used here was less than 50% VO 2 max and relied on little consumption of glycogen during exercise, according to previous studies [27] [28] . In the present study OR of type II in NASH was higher than that of the control group. This may show that NASH model rat has lower activity than the control rat, so that type II fiber is hardly recruited in daily life. However, it is true that exercise used here served to utilize IMCL of type II fibers effectively. These results suggest that exercise with low intensity is able to improve the lipid metabolism but not carbohydrate.
These data demonstrated that increased aerobic capacity was due to improved muscle insulin resistance by exercise. However, these results raised the possibility that ingested carbohydrates may be distributed from the liver into the muscle and used as an aerobic energy source not converting glycogen or TG, and that hepatic TG accumulation was indirectly decreased. These results suggested that exercise with low intensity could lead to a decrease in the lipid content of skeletal muscle, and has a potential to improve healthy life.
Although much remains to be done, our work generates important findings in the level of fiber type. It is necessary to clarify how the minute change by fiber type influences the whole muscle.
